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1. 

EXPANDABLE TUBES WITH OVERLAPPNG 
END PORTIONS 

FIELD OF THE INVENTION 

The present invention relates to an expandable tubular 
element for use in a wellbore formed in an earth formation, 
the tubular element comprising a first radially expandable 
tube and a second radially expandable tube, said tubes being 
arranged in a manner that an end portion of the second tube 
extends into an end portion of the first tube. The tubular 
element can be, for example, a casing which is installed in 
the wellbore to strengthen the borehole wall and to prevent 
collapse of the wellbore. 

BACKGROUND OF THE INVENTION 

In a conventional well several casing strings are run into 
the wellbore as drilling proceeds, whereby each subsequent 
casing must pass through the previous casing, and therefore 
must be of Smaller diameter than the previous casing. A 
consequence of such scheme is that the available wellbore 
diameter through which tools or fluids can pass, becomes 
stepwise Smaller. 

It has been proposed to alleviate this problem by installing 
each Subsequent casing in a manner that a relatively short 
upper end portion thereof extends into the previous casing, 
and thereafter radially expanding the Subsequent casing to 
an inner diameter Substantially equal to the inner diameter of 
the previous casing. Since the upper end portion of the 
Subsequent casing extends into the lower end portion of the 
previous casing, the two overlapping portions must be 
expanded simultaneously. Consequently the expansion 
force/pressure required to expand these overlapping portions 
is significantly higher than for the remainder of the lower 
casing, therefore there is an increased risk that the expander 
becomes stuck in the overlapping portions of the casings. 
Also, in case of hydraulic expansion, there is a risk that the 
fluid pressure required to move the expander through the 
overlapping portions rises to an unacceptably high level 
causing the already expanded casing section to fail (e.g. 
connector failure or pipe burst). 

Summary of the Invention 

In accordance with the invention there is provided an 
expandable tubular element for use in a wellbore formed in 
an earth formation, the tubular element comprising a first 
radially expandable tube and a second radially expandable 
tube, said tubes being arranged in a manner that an end 
portion of the second tube extends into an end portion of the 
first tube, wherein a selected one of said end portions has a 
reduced resistance to radial expansion per unit length com 
pared to a remainder portion of the tube to which the 
selected end portion pertains. 
By virtue of the feature that the selected end portion has 

a reduced resistance to radial expansion, the total expansion 
force/pressure required to simultaneously expand the over 
lapping portions is reduced. 

For most applications it will be preferred that the selected 
end portion is the end portion of the first tube, i.e. the end 
portion which extends around the end portion of the second 
tube. 

The end portion having a reduced resistance to radial 
expansion can be integrally formed with the tube to which 
the end portion pertains. Alternatively, said end portion can 
be part of a muff which axially overlaps with a third tube 
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2 
forming part of the tubular element. In Such application it is 
preferred that the entire muff has a reduced resistance to 
radial expansion. Suitably one of the first and second tubes 
extends into the muffat one side thereof, and the third tube 
extends into the muff at the other side thereof. 

Preferably said end portion of reduced resistance to radial 
expansion includes at least one section of reduced resistance 
to stretching in circumferential direction compared to said 
remainder portion of the tube. Each section of reduced 
resistance to stretching can for example include a foldable 
member, which foldable member is arranged to deform 
between a folded state and an unfolded state upon radial 
expansion of the selected end portion. In a preferred embodi 
ment the foldable member includes a folded wall section 
provided with at least one slit extending Substantially par 
allel to an outer surface of the wall section so as to divide the 
wall section into a plurality of wall layers. Suitably each slit 
extends along the full circumference of the selected end 
portion, in which case the end portion preferably has the 
shape of a corrugated tube. 

DESCRIPTION OF THE DRAWINGS 

The invention will be described hereinafter in more detail 
and by way of example with reference to the accompanying 
drawings in which: 

FIG. 1 schematically shows an embodiment, in longitu 
dinal section, of the expandable tubular element of the 
invention before the expansion process; 

FIG. 2 schematically shows the embodiment of FIG. 1 
after the expansion process; 

FIG. 3 schematically shows cross-section 3-3 of FIG. 1; 
FIG. 4A schematically shows a first embodiment of a 

detail of FIG. 3 before radial expansion thereof; 
FIG. 4B schematically shows the first embodiment of the 

detail after radial expansion thereof; 
FIG. 5A schematically shows a second embodiment of the 

detail of FIG. 3 before radial expansion thereof; 
FIG. 5B schematically shows the second embodiment of 

the detail after radial expansion thereof; 
FIG. 6A schematically shows a third embodiment of the 

detail of FIG. 3 before radial expansion thereof; 
FIG. 6B schematically shows the third embodiment of the 

detail after radial expansion thereof; 
FIG. 7A schematically shows a fourth embodiment of the 

detail of FIG. 3 before radial expansion thereof; and 
FIG. 7B schematically shows the fourth embodiment of 

the detail after radial expansion thereof. 
In the Figures like reference numerals relate to like 

components. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 1 there is shown an expandable tubular 
element 1 extending into a wellbore 3 formed in an earth 
formation 4. The tubular element includes a first tube 8 
which already has been radially expanded, and a second tube 
6 which is to be radially expanded. An end portion 10 of the 
second tube 6 extends into an end portion 12 of the first tube 
8. The second tube 6 has an outer diameter slightly smaller 
than the inner diameter of the (expanded) first tube 8. 

In FIG. 2 is shown the tubular element 1 during the 
expansion process whereby the second tube 6 is expanded to 
an inner diameter Substantially equal to the inner diameter of 
the already expanded first tube 8. To achieve expansion of 
the second tube 6, an expander 14 having a tapered front end 
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part 16 is moved in longitudinal direction through the 
tubular element 1. The expander 14 has a longitudinal 
through passage 17 which provides fluid communication 
between the space 18 in the tubular element 1 below the 
expander 14 and a hollow string 20 connected to a fluid 
pump (not shown) at Surface. 

In FIG. 3 is shown a cross-section of the tubular element 
1 at the level of the overlapping end portions 10, 12 of the 
tubes 6, 8. The end portion 12 of tube 8 is provided with a 
plurality of sections 22 of reduced resistance to stretching in 
circumferential direction compared to the remainder portion 
of the tube 8. 

In FIGS. 4A, 4B is shown a first embodiment of section 
22 including a tubule 24 extending Substantially in longitu 
dinal direction of the expandable tubular element 1. The 
tubule 24 is arranged to deform upon stretching in circum 
ferential direction 26 of end portion 12 due to radial expan 
sion thereof, from a relatively round shape (FIG. 4A) to a 
relatively flat shape (FIG. 4B). 

In FIGS. 5A, 5B is shown a second embodiment of 
section 22 including a tubule 28 extending Substantially in 
longitudinal direction of the expandable tubular element 1. 
Tubule 28 has been compressed in circumferential direction 
30, and is arranged to deform from the compressed configu 
ration (FIG. 5A) to a less compressed configuration (FIG. 
5B) upon stretching in circumferential direction 30 due to 
radial expansion of the end portion 12. 

In FIGS. 6A, 6B is shown a third embodiment of section 
22 including a foldable member 32 arranged to deform 
between a folded state (FIG. 6A) and an unfolded state (FIG. 
6B) upon stretching in circumferential direction 33 due to 
radial expansion of end portion 12. The foldable member 32 
includes a folded wall section 34 provided with at least one 
slit 36 extending substantially parallel to an outer surface of 
the wall section 34 so as to divide the wall section 34 into 
a plurality of wall layers 38, 39. The foldable member 32 is 
welded to the wall portion 12 at welds 35a, 35b. 

In FIGS. 7A, 7B is shown a fourth embodiment of section 
22 including a hinged wall section 40 provided with plastic 
hinges 42. The hinged wall section 40 has been folded 
radially inward at the hinges 42 before radial expansion of 
end portion 12 (FIG. 7A). After radial expansion by stretch 
ing in circumferential direction 44 of end portion 12 the wall 
section 40 has a more circular shape than before (FIG. 7B). 

During normal operation the first tube 8 is installed in the 
wellbore 3, radially expanded and fixed in any suitable 
manner, for example by providing a layer of cement around 
the tube 8. Subsequently the second tube 6 is lowered 
through the first tube 8 until the second tube 6 takes the 
position shown in FIG. 1. During lowering of tube 6, the 
expander 14 is positioned in a lower end portion (not shown) 
of tube 6 which has an increased internal diameter in order 
to accommodate the expander 14. Alternatively the expander 
14 can be positioned initially below the lower end of tube 6 
and thereafter be pulled into the tube 6. After lowering the 
second tube 6, the hollow string 20 (which can be for 
example a drill string) is connected to the upper end of the 
expander 14 and the bottom of the second tube is sealed, for 
example by means of a suitable plug (not shown). Alterna 
tively the string 20 has been connected to the expander 14 
prior to lowering of tube 6, whereby the assembly of tube 6 
and expander 14 can be lowered on string 20. 

In a next step the fluid pump is operated to pump fluid into 
the space 18 of the tubular element 1 so as to induce the 
expander 14 to move upwardly through the second tube 6 
thereby radially expanding the second tube 6. As the 
expander 14 moves through the overlapping end portions 10, 
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4 
12, both end portions 10, 12 are radially expanded whereby 
the sections 22 of end portion 12 are stretched in circum 
ferential direction. By virtue of the reduced resistance to 
stretching of the sections 22, the radial force necessary to 
expand end portion 12 is significantly reduced compared to 
the radial force required to expand the remainder of tube 6. 
Thus it is achieved that the total force/pressure required to 
simultaneously expand the end portions 10, 12 is Substan 
tially equal to (or only slightly larger than) the force needed 
to expand the remainder of tube 6. Thereby the risk of the 
expander 14 becoming stuck in the tubular element 1 at the 
level of the overlapping portions 10, 12 has been greatly 
reduced. Moreover, the safety margin of burst pressure 
minus expansion pressure is hardly compromised. 

Stretching in circumferential direction of the various 
embodiments of sections 22 is discussed hereinafter in more 
detail. 
The tubule 24 shown in FIGS. 4A, 4B deforms from a 

Substantially circular cross-section to a Substantially ellipti 
cal or flat cross-section due to local bending of the tubule. 
The tubule 28 shown in FIGS.5A, 5B deforms from the 

compressed configuration to a less compressed configura 
tion (FIG. 5B) upon stretching in circumferential direction 
30 due to radial expansion of the end portion 12. 
The foldable member 32 shown in FIGS. 6A, 6B deforms 

between a folded state (FIG. 6A) and an unfolded state (FIG. 
6B) upon stretching in circumferential direction 33 due to 
radial expansion of end portion 12. During Such deformation 
the wall layers 38, 39 are allowed to slide along each other 
at their common interface formed by slit 36. By virtue of 
such sliding movement the force required to unfold the 
member 32 is significantly less than the force required to 
unfold a section of tube having a thickness of twice the 
thickness of the individual wall layers, but without slit. 
The hinged wall section 40 shown in FIGS. 7A, 7B 

deforms by virtue of bending of the wall of tube portion 12 
at plastic hinges 42. Thereby the position of wall section 40 
wherein the wall section 40 is bent radially inward at the 
hinges 42, changes into a position wherein the wall section 
40 assumes a more circular cross-sectional shape. 

Optionally the tubules described hereinbefore are filled 
with a fluidic seal compound, and the tubules are provided 
with Small openings (not shown) arranged so as to allow 
flow of the seal compound in-between the end portions of 
the respective tubes in order to form a seal between said end 
portions. Also, the seal compound could be released from 
the tubules by virtue of local shearing/cracking of the 
tubules due to the radial expansion process. In the latter case 
no openings for release of the fluid would have to be 
provided in the tubules. 

In an alternative arrangement of the tubules, the selected 
end portion is formed of a plurality of tubules arranged 
adjacent each other and mutually interconnected. 

In Such arrangement no separate sections of tube are 
needed to interconnect the tubules. 

Instead of expanding the overlapping end portions of the 
tubes simultaneously, the end portion having reduced resis 
tance to circumferential stretching can be expanded first i.e. 
before the other end portion overlaps therewith. This can be 
achieved, for example, by applying a Sufficiently high fluid 
pressure to the inner Surface of the end portion having 
reduced resistance to circumferential stretching. Such 
method allows the application of an expandable expander 
which is positioned in its unexpanded State in the radially 
unexpanded end portion of reduced resistance to circumfer 
ential stretching, and then expanded to its expanded State. 
Thereafter the expander is pulled or pushed through the 
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remainder of the tube to which the end portion having 
reduced resistance to circumferential stretching pertains. 

While the illustrative embodiments of the invention have 
been described with particularity, it will be understood that 
various other modifications will be readily apparent to, and 
can be easily made by one skilled in the art without 
departing from the spirit of the invention. Accordingly, it is 
not intended that the scope of the following claims be 
limited to the examples and descriptions set forth herein but 
rather that the claims be construed as encompassing all 
features which would be treated as equivalents thereof by 
those skilled in the art to which this invention pertains. 

I claim: 
1. An expandable tubular element for use in a wellbore 

formed in an earth formation, the tubular element compris 
ing a first radially expandable tube having a first inside 
diameter and a second radially expandable tube having an 
initial second inside diameter that is smaller than said first 
inside diameter, said tubes being arranged in a manner that 
an end portion of the second tube extends into an end portion 
of the first tube so as to form an overlapping portion, 
wherein a selected one of said end portions has a reduced 
resistance to radial expansion per unit length compared to a 
remainder portion of the tube to which the selected end 
portion pertains, said end portion of reduced resistance to 
radial expansion including at least one section of reduced 
resistance to stretching in circumferential direction com 
pared to said remainder portion of the tube, wherein said at 
least one section of reduced resistance to stretching includes 
a foldable member, the foldable member being arranged to 
deform between a folded state and an unfolded state upon 
radial expansion of the selected end portion; wherein said 
second tube is expanded to have an expanded inside diam 
eter that is apporximately the same as the first inside 
diameter, and wherein the end portion of the first tube is 
expanded to have an expanded inside diameter that is greater 
than the first inside diameter. 

2. The expandable tubular element of claim 1, wherein 
said end portion of reduced resistance to radial expansion is 
the end portion of the first tube. 

3. The expandable tubular element of claim 2, wherein 
said at least one section of reduced resistance to stretching 
includes a tubule extending Substantially in longitudinal 
direction of the expandable tubular element, the tubule being 
arranged to deform upon radial expansion of the selected 
end portion. 

4. The expandable tubular element of claim 3, wherein 
said selected end portion includes a plurality of said tubules 
spaced along the circumference of the selected end portion. 

5. The expandable tubular member of claim 1, wherein the 
foldable member includes a folded wall section provided 
with at least one slit extending Substantially parallel to an 
outer surface of the wall section so as to divide the wall 
section into a plurality of wall layers. 

6. The expandable tubular element of claim 5, wherein the 
foldable member includes a wall section provided with at 
least one hinge. 

7. The expandable tubular element of claim 1, wherein the 
foldable member includes a wall section provided with at 
least one hinge. 

8. The expandable tubular element of claim 7, wherein 
each hinge is a plastic hinge. 

9. The expandable tubular element of claim 1, wherein 
said end portion of reduced resistance to radial expansion is 
part of a muff which axially overlaps with a third tube 
forming part of the tubular element. 
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6 
10. The expandable tubular element of claim 9, wherein 

one of the first and second tubes extends into the muffat one 
side thereof, and the third tube extends into the muff at the 
other side thereof. 

11. An expandable tubular element for use in a wellbore 
formed in an earth formation, the tubular element compris 
1ng: 

a first radially expandable tube and a second radially 
expandable tube, said tubes being arranged in a manner 
that an end portion of the second tube extends into an 
end portion of the first tube, 

wherein a selected one of said end portions has a reduced 
resistance to radial expansion per unit length compared 
to a remainder portion of the tube to which the selected 
end portion pertains, said end portion of reduced resis 
tance to radial expansion including at least one section 
of reduced resistance to stretching in circumferential 
direction compared to said remainder portion of the 
tube: 

wherein said at least one section of reduced resistance to 
stretching includes a foldable member, the foldable 
member being arranged to deform between a folded 
state and an unfolded State upon radial expansion of the 
Selected end portion; 

wherein said at least one section of reduced resistance to 
radial expansion includes a tubule extending Substan 
tially in longitudinal direction of the expandable tubu 
lar element, the tubule being arranged to deform upon 
radial expansion of the selected end portion; and 

wherein the tubule has a reduced resistance to radial 
expansion and contains a fluidic seal compound, and 
wherein the tubule is provided with small openings 
arranged to allow flow of the seal compound in 
between said end portions So as to form a seal between 
the end portions. 

12. The expandable tubular element of claim 11, wherein 
the tubule is arranged to deform from a relatively round 
shape to a relatively flat shape upon radial expansion of the 
selected end portion. 

13. The expandable tubular element of claim 12, wherein 
said selected end portion includes a plurality of said tubules 
spaced along the circumference of the selected end portion. 

14. The expandable tubular element of claim 11, wherein 
the tubule is compressed in circumferential direction of said 
selected end portion, and wherein the tubule is arranged to 
deform from the compressed configuration to a less com 
pressed configuration upon radial expansion of the selected 
end portion. 

15. The expandable tubular element of claim 14, wherein 
said selected end portion includes a plurality of said tubules 
spaced along the circumference of the selected end portion. 

16. The expandable tubular element of claim 11, wherein 
said selected end portion includes a plurality of said tubules 
spaced along the circumference of the selected end portion. 

17. An expandable tubular element for use in a wellborne 
formed in an earth formation, the tubular element compris 
ing: 

a first radially expandable tube and a second radially 
expandable tube, said tubes being arranged in a manner 
that an end portion of the second tube extends into an 
end portion of the first tube, 

wherein a selected one of said end portions has a reduced 
resistance to radial expansion per unit length compared 
to a remainder portion of the tube to which the selected 
end portion pertains, said end portion of reduced resis 
tance to radial expansion including at least one section 
of reduced resistance to stretching in circumferential 
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direction compared to said remainder portion of the stantially parallel to an outer surface of the wall section 
tube, wherein said at least one section of reduced so as to divide the wall section into a plurality of wall 
resistance to stretching includes a foldable member, the layers; and 
foldable member being arranged to deform between a 
folded State and an unfolded State upon radial expan 
sion of the selected end portion; 

wherein the foldable member includes a folded wall 
section provided with at least one slit extending Sub- k . . . . 

wherein said at least one slit extends along the full 
circumference of the selected end portion. 


